ABSTRACT
INTRODUCTION

71
Effects of adverse weather on traffic, parameterization of traffic models.
73
Facing the growing complexity of road networks, road managers and road operators need proactive 
120
In this paper, particle filtering will be used, which appears to be a sophisticated alternative to derive 121 the traffic state estimation. Particle filters, also known as sequential Monte-Carlo methods, have been 122 extensively described in (10, 15) . Regarding applications to traffic, particle filters have been applied 123 in (16, 17, 18, and 19 
The second equation simply traduces the fact that the resulting flow in cell ݅ at time ‫ݐ‬ will be the 163 minimum between the cell ݅ 1 supply ߗ ାଵ ሺ‫ݐ‬ሻ and the cell ݅ demand ߁ ሺ‫ݐ‬ሻ. The numerical time step 164 is a sub-multiple of the observation time step (data are provided every 6min in our case) fulfilling 165 numerical conditions (CFL).
166
In this paper, a triangular fundamental diagram is used. The originality of our approach lies in its 167 parameterization (figure 2), which was carried out thanks to previous quantification studies of the rain 168 impact on the fundamental diagram (1). These studies have highlighted significant reductions of 169 capacity, critical density and free-flow speed under light and medium rain conditions (up to 3 mm/h).
170
These results are only valid with interurban areas or urban freeways, like the section we are going to 171 study. Moreover, it must be precised that the jam density ݇ ெ was not affected by inclement weather 172
conditions. This fact is in accordance with physical considerations since the maximum number of in Sau et. al. (18) .
202
In this work, a partial Gaussian state space case approximation is carried out, the Markov model being 203 written as follows:
Where C is a real ܰ ൈ ܰ matrix and the diagonal matrices ܳ ௧ and ܴ ௧ are made of respective state and 206 observation vectors noise standard deviations.
207
In this case, the updates of the samples and weights are simplified. We refer the reader to (15) The study concerns the Eastern part of Lyon's ring road, an urban motorway of the third biggest city 
235
Hypotheses and models parameters 236 237
Although Sequential Monte Carlo Methods can be very useful for sensor diagnosis (18), we will 238 rather consider during this simulation that no sensors failure occurred. Indeed, the estimation drifts In our application, in order to generate few false alarms, α and β were equal to 0.01 and 0.05.
288
Based on this threshold, a simple stopping rule is defined:
289
In case of critical inequality, that is ܽ ൏ ܼ ௧ ൏ ܾ, we are in the indifference region, no decision is 290 made, testing continues.
291
These sequential Wald tests, also known as sequential probability ratio tests, were implemented for 292 each sensor during the next scenarios. The robustness and sensitivity of these tests should help to 293 detect accurately estimation drifts, enabling a fundamental diagram's switching.
295
Scenario 1: rain over the whole section between 6 and 10am
297
For the first scenario, light rain conditions were simulated over the whole section between 6 and 
306
During the light rain meteorological conditions, we know from previous studies (1, 7) that all traffic 307 models parameters drop (e.g. capacity is reduced by 15% and free flow speed by 8%). In Figure 5 , the 
330
This first scenario dealt with a classical rain event which can perturb the estimations if the traffic 331 model parameters are not weather-responsive. Thanks to the sequential probability ratio tests, it is 332 possible to detect in time the errors made by the Monte Carlo estimations. The next scenario is more 333 complex as it will concern a localized weather event to be detected in time and in space. We will see 334 that this kind of events is more challenging.
336
Scenario 2: one sensor concerned by a localized medium rain event between 4 and 8pm
338
Especially during the summer period in France, weather events can be more localized (e.g. 
394
End For
395
Step 2: detection
396
The critical cell is detected as those who maximizes the mean p-value and minimizes the CMV 397 statistic.
398
End 399 400
This procedure was successfully applied to Scenario 2. 
432
Regarding the perspectives, it appears logical to make the scenarios more complex (e.g. more 
440
To conclude, this paper was an attempt for the integration of the weather effects into decision support 441 tools. The validation with real-world data proved that this approach can bring many benefits to the 442 road operators, the promising results paving the way for weather-responsive traffic management. 443 444
